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Fv/Fm was recorded every day (D: day; D0 to D5: from day 0 to day 5); seedlings were then transferred to the initial 163 conditions (recovery), and Fv/Fm was recorded at the indicated time points (R: recovery; R_2h: 2 h after recovery; 164 R_D1 to R_D5: from day 1 to day 5 after recovery). (I) Chloroplast-localized C4 does not affect chloroplast ultrastructure.
165
Ten-day-old wild-type or 35S:C4G2A (Lines 1 (L1) and 7 (L7)) seedlings were grown in ½ MS -sucrose agar medium C4 from the PM to the chloroplast, and with the aim to detect a potential interference of C4 with 181 this signalling cascade, we measured the expression of SA biosynthetic and responsive genes 182 (ICS1 and PR1, respectively) as well as the accumulation of SA after treatment with flg22 in 183 transgenic Arabidopsis plants expressing the chloroplast-localized C4G2A (Figure 2A Figure 2A 
Proteins encoded by evolutionarily unrelated pathogens contain overlapping membrane-275 and chloroplast-targeting signals and suppress chloroplast-mediated defences 276
Our results show that the geminivirus TYLCV has evolved a strategy, through the action of the 277 virus-encoded C4 protein and its shuttling from the PM to the chloroplast, to interfere with the re-localization of C4 from BCTV and AC4 from EACMV to chloroplasts; this effect could not 297 be clearly observed for CP and P3, suggesting that a different signal might be required in these 298 two cases ( Figure 3C ). We next tested immune readouts in N. benthamiana leaves transiently 299 expressing the chloroplast-localized (G2A) version of these proteins. Strikingly, the chloroplastic 300 versions of all four viral proteins reduced the expression of NbICS1, NbPR1, and other defence-301 related genes, as well as the cytosolic calcium burst, in response to flg22, while all but P3 302 enhanced susceptibility against the pathogenic bacteria P. syringae pv tomato DC3000 ΔhopQ1 303 The finding that pathogens from different kingdoms of life seem to have convergently evolved to 416 target chloroplasts and impair SA-dependent defences following a previous association with 417 membranes raises the idea that a pathway linking PM to chloroplasts might exist in plants, and 418 that such pathway might have been co-opted by different plant pathogens during host-pathogen 419 co-evolution. Following this rationale, we decided to screen the predicted Arabidopsis proteome 420 to identify proteins containing both an N-myristoylation motif and a cTP, and found 78 proteins 421 fulfilling this criterion ( Figure 5A ; Supplemental table 1) . Interestingly, functional enrichment 422 analysis of this subset of proteins unveiled an over-representation of defence regulators and 423 protein kinases (Supplemental figure 5A) . We next performed a similar screen using the predicted 424 homologous proteins common to all three species and containing an N-myristoylation site and a 429 cTP ( Table 1 ; Figure 5B ), which shows an over-representation of proteins described as involved 430 in SA signalling and systemic acquired resistance as well as protein kinases ( Figure 5C ). Of note, 431 the green algae Chlamydomonas reinhardtii, the liverwort Marchantia polymorpha, and the moss 432
Physcomitrella patens also encode proteins containing the N-myristoylation motif and the cTP (19, 433 30, and 21, respectively; Supplementary figure 5F; Supplementary tables 4, 5, and 6) , with a 434 significant over-representation of protein kinases (Supplementary figure 5G-I) . be observed mostly at the PM, while, as previously described, a CPK16G2A mutant version was 441 detected in chloroplasts ( Figure 5D ); stable expression in Arabidopsis yielded similar results 442 ( Figure 5E ). However, after flg22 treatment, CPK16-GFP accumulated in chloroplasts, similarly 443 to C4-GFP ( Figure 5F, Supplemental figure 5J) ; chloroplast localization could still be detected 444 after CHX treatments, indicating that this process does not require new protein synthesis, and 445 therefore the chloroplast-localized protein most likely derive from the PM pool ( Figure 5F) . 446
As proof-of-concept, we decided to investigate whether CPK16 plays a role in PTI responses 447 when localized in the chloroplast. For this purpose, we generated transgenic Arabidopsis lines 448 Figure 5I, Supplemental figure 5N ). Importantly, both CPK16-and CPK16G2A-457 overexpressing lines are also more resistant to P. syringae pv tomato DC3000 ( Figure 5J Strongly supporting the notion of this pathway having a central function in plant defence is the 523 finding that its co-option and potential disruption by pathogens has evolved multiple times 524 independently: effectors containing an N-myristoylation motif and a cTP and suppressing 525 chloroplast-dependent defences from this organelle have been identified as encoded by DNA 526 viruses, RNA viruses, and bacteria. Future work will unveil how prevalent the coexistence of these 527 two signals is among pathogen effectors, including those belonging to other kingdoms of life. 528
The pathway proposed here would allow for timely, rapid, and precise information relay from the 529 PM to the chloroplast, fine-tuning retrograde signalling to orchestrate appropriate responses upon 530 signal integration in the plastid, avoiding negative consequences of activating defence and 531 shutting down photosynthesis in the absence of a threat. Additionally, it could allow for dual 532 functions of the participating proteins, since they could exert a given role in basal conditions, at 533 the PM, and a different one once a biotic threat is perceived and they are translocated into the 534 chloroplastfor example, by keeping signalling in an off state in the absence of stimulus, but 535 promoting downstream responses upon pathogen perception. In addition to expanding our view of the molecular and cellular underpinnings of plant defence, 564 the unravelling of the direct physical connection between PM and chloroplasts following the 565 perception of a biotic threat could also have practical applicability, paving the way to the 566 engineering of improved resistance to pathogens without yield penalty. This idea is suggested by 567 the results obtained with transgenic CPK16G2A Arabidopsis plants, which show no apparent 568 developmental phenotype, with no effect in growth, but are more resistant to bacterial infection. 569
This observation also implies that chloroplast localization is not sufficient for CPK16 to activate 570 defence responses in the absence of a trigger, and that some additional component, regulated 571
by perception of a biotic threat, is required for the downstream effects. 572
An intriguing question is how these myristoylated, PM-localized proteins get released in order to 573 be translocated to the chloroplast. Since myristoylation is an irreversible covalent lipidation, an 574 additional post-translational modification would be required for the release to occur. In animals, 575 myristoylation-dependent PM association has been shown to be regulated by phosphorylation of 576 the protein (Thelen et al., 1991); since phosphorylation is a prevalent event during activation of 577 defence signalling at the PM, this modification might be a plausible candidate to modulate the 578 localization of plant defence regulators or mimicking pathogen effectors. As the results with the 579 non-myristoylable versions of these plant-or pathogen-encoded proteins indicate, PM release 580 would be sufficient to guarantee immediate chloroplast localization. 581
Multiple environmental and developmental cues are perceived at the PM. Considering their 582 central role in plant biology, it would be conceivable that some of these signals get relayed to 583 chloroplasts in order to coordinate appropriate downstream physiological responses. In this 584 scenario, whether a similar, post-translational modification-based mechanism operates to enable 585 communication between the PM and chloroplasts following perception of non-defence related 586 cues is a question that remains to be explored. 587 588 589 23 METHODS 590
Transient expression in Nicotiana benthamiana 591
Transient expression assays were performed as described in Wang et al. (2017a) with minor 592 modifications. In brief, the Agrobacterium tumefaciens strain GV3101 harbouring the 593 corresponding binary vectors were liquid cultured in LB with the appropriate antibiotics at 28°C 594 overnight. Bacterial cultures were centrifuged at 4,000 g for 10 min and resuspended in the 595 infiltration buffer (10 mM MgCl2, 10 mM MES pH 5.6, 150 µM acetosyringone) to an OD600 = 0.2-596
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